INTRODUCTION
The impact of a spinal cord injury (SCI) on an individual is severe, affecting functioning across a range of domains (1) . A full understanding of the lived experience of SCI includes capturing the psychological perspective of an individual. SCI can influence an individual's feelings, thoughts and beliefs, and life goals. Indeed, diverse well-being and mental health trajectories have been observed. Some individuals show positive adjustment patterns, while others experience poor adjustment (2) .
Psychological personal factors (PPF), however, can also act as resources, and hence, determinants of adjustment following SCI (3) . Literature overviews have identified associations between higher well-being and higher self-efficacy, purpose in life, and other PPF (4, 5) . The increased interest in PPF is also grounded in their malleability: state-like factors represent potential intervention targets. For example, several multimodal intervention programmes have resulted in increased self-efficacy levels in persons with SCI (6) (7) (8) .
To capture the lived experience of SCI, several PPF were included and assessed in the Swiss Spinal Cord Injury Cohort Study (SwiSCI) pathway 2 (9) . The survey comprised different areas of PPF, including feelings, thoughts and beliefs, motives, and patterns of experience and behaviour (Table I) .
Psychometric evaluations of measurement instruments are prerequisites for their valid use in research and clinical settings. Until now, classical test-theoretical approaches (CTT), such as confirmatory factor analyses, have been used for validation. However, these approaches have recently been supplemented by modern test-theoretical approaches, such as the unidimensional Rasch model (10) , which adds to our understanding of aspects related, in particular, to internal construct validity not covered by CTT (11) . One key criticism of CTT lies in its assumption of a continuous nature of a categorical response system without empirical evidence. In Rasch analyses, the observed response patterns are tested against the probabilistic response expectations of the Rasch model, and do not assume that the observed variables are of a continuous nature (12) . Finding confirmation of data fit, the Rasch model ensures the additivity of the raw sum score of a measure (12, 13) . In the context of a national, epidemiological survey, such as SwiSCI, reliability, adequate targeting and invariance of measures across different national languages are further key aspects that can be investigated using Rasch analyses. Hence, Rasch analyses provide the basis for a comprehensive evaluation of the quality of the measures and provide trend-setting indications regarding future use within SwiSCI and other population surveys.
The objective of the current study is to evaluate the metric properties of distinct measures of PPF comprising feelings, thoughts and beliefs, motives, and patterns of experience and behaviour that were assessed in SwiSCI pathway 2 using Rasch methodology. More specifically, we focus on the Positive Affect Negative Affect Scale (PANAS) (14) , the Appraisal of Life Events Scale (ALE) (15) , the Purpose in Life test -Short Form (PIL-SF) (16) and the Big Five Inventory-K (BFI-K) (17) .
METHODS

Study design
Pathway 2 of SwiSCI is a community-based, nationwide, cross-sectional survey. The main aim of SwiSCI is to provide basic information to support the health, functioning, and quality of life of persons with SCI living in Switzerland. A detailed description of the study design of SwiSCI can be found elsewhere (18) .
Participants
Individuals 16 years and older living in the Swiss community with a traumatic (e.g. due to accident) or non-traumatic (e.g. internal bleeding) SCI were eligible for SwiSCI. SCI is differentiated by the lesion level (paraplegia vs tetraplegia) and the completeness of a lesion (complete vs incomplete). Individuals with congenital conditions, such as spina bifida, new SCI in the context of palliative care, or neurodegenerative disorders, such as multiple sclerosis, were excluded from SwiSCI. Participants signed an informed consent form, and local ethics committees approved the study.
Procedure
The community-based survey consisted of self-report questionnaires, which were sent to eligible persons in 3 waves from September 2011 to March 2013. The first wave included general information about SwiSCI, the informed consent form, and questions regarding sociodemographic and lesion-related variables. Individuals who returned a signed consent form and the first questionnaire received a second questionnaire on health, functioning, and well-being. In the third wave, 3 randomized samples, stratified by sex, age, and level of lesion were drawn from the respondents of the second wave. These samples each received a different questionnaire module. The measures used in this study were assessed in the Psychological Personal Factors and Health Behavior Module (PPF-HB).
Measurement instruments
Feelings. The 20-item Positive Affect Negative Affect Scale (PANAS) (14, (19) (20) (21) was derived from a principal components analysis of the mood checklist (22) and consists of the 2 subscales positive affect (PA) and negative affect (NA). PA and NA reflect distinct dimensions, with high PA representing the extent to which an individual experiences pleasurable engagement with the environment and high NA characterizing subjective distress and engagement with negative experiences. Respondents were asked to rate the degree to which they have experienced each particular emotion within the past week, with reference to a 5-point scale (1 = "very slightly or not at all" to 5 = "very much"). Confirmatory factor analysis supported the construct validity of the PANAS subscales, and reliability estimates were very good (14) .
Thoughts and beliefs
Appraisals. Primary appraisals, i.e. the cognitive evaluation of a specific stimulus, were measured with the Appraisal of Life Events Scale (ALE) (15) . Using 16 adjectives and a 6-point scale, respondents appraised difficult life-events over the past 3 months. The adjectives refer to 3 dimensions: threat (e.g. "terrifying", 6 items), challenge (e.g. "stimulating", 6 items) and loss (e.g. "pitiful", 4 items). Total scores range from 0 to 20 (loss), or 0 to 30 respectively (threat, challenge). Higher scores indicate higher appraisal levels, e.g. a higher extent of appraising the stimulus as challenge (or threat or loss, respectively). Good internal reliability and convergent validity have been reported (15, 23) .
Motives
Purpose in life. Purpose in life (PIL) was assessed using the Purpose in Life test -Short Form (PIL-SF). It consists of 4 items with different anchors (16) , which are all based on the original 20-item version (24, (16, 26, 27) .
Patterns of experience and behaviour
Personality. The 21-item Big Five Inventory-K (BFI-K) was used to assess the "Big Five" personality characteristics openness (5 items), conscientiousness, extraversion, agreeableness, and neuroticism (4 items each). The BFI-K uses a 5-point Likert-type response scale. It was adapted from the original 44-item BFI to provide a short economic measure of the 5 personality characteristics for contexts with limited time resources necessitating the use of brief measures (17, (28) (29) (30) . Good reliability and validity data have been reported (17) .
Rasch analysis
We applied the Rasch Partial Credit Model (31) for each subscale of the PANAS (positive affect, negative affect), the ALE (challenge, threat, loss), the BFI-K (openness, conscientiousness, extraversion, agreeableness, neuroticism) and the PIL-SF (purpose in life). For all subscales we tested: (i) stochastic ordering, (ii) unidimensionality and local independency, (iii) reliability, (iv) structure of the response scale, (v) targeting, and (vi) item bias or differential item functioning (DIF) using RUMM2030 software (32) . First, stochastic ordering (fit) was tested by comparing the observed data with the Rasch-model implied expectations for all items with a χ 2 based goodness of fit test. The Rasch model posits that persons with a higher ability are more likely to answer an item correctly. With regard to PPF, this fit indicates that persons with, e.g. high PIL are expected to achieve higher levels on the PIL-SF compared with persons with lower PIL. Furthermore, standardized residuals (z values) and χ 2 results for each item were calculated. Z values above ± 2.50 and significant χ 2 tests indicate misfit to the Rasch model (33) . Secondly, items were grouped according to their loading with the first residual PCA factor, and pairwise t-tests were calculated for each person to assess unidimensionality. The number of significant t-tests, i.e. the lower bound of the 95% confidence interval (95% CI), should be below 5% to indicate unidimensionality (34) . Multidimensionality can cause disordered thresholds or DIF (see below). Testlets, i.e. combining items to a superior latent construct, were created to examine for these possible effects and to investigate common variance between the testlets (35) .
Local independency was evaluated to further investigate the assumptions of the Rasch model. Local independency means that the response to 1 item is not connected with the response to another item, conditional on the trait. Correlation between the items should be based solely on the measured trait; therefore, residual correlations should be close to zero (36) . Positive residual correlations above 0.30 indicate local dependency (37) . Local dependency can be tackled by the creation of testlets (35) . Under a testlet solution the amount of common variance retained by the aggregation of single items into a super-item is reported. In RUMM2030 this is examined via a bi-factor model, whereby the common variance retained in the total score is indicated by the A statistic (38) . A value of 0.88 indicates that the unidimensional latent estimate is based upon at least 88% of the total variance.
Next, reliability was assessed using the Person Separation Index (PSI). As with Cronbach's alpha, a value higher than 0.80 indicates very good reliability for the purpose of group comparisons (39, 40) .
Fourth, the structure of the response scale was tested by studying the ordering of the thresholds of each item. Thresholds are boundaries between the response scale options. For example, a 5-point scale has 4 thresholds. The thresholds need increasing values to be ordered, representing the move from low to high levels on the logit continuum of a construct. Disordered thresholds indicate a response scale that does not work as envisioned (41) . Disordered thresholds can be adjusted by collapsing response options.
Fifth, targeting was investigated by checking the distribution of person and item threshold parameters across the continuum of the construct. To assess potential floor or ceiling effects, the percentage of individuals with the minimum and maximum raw total score was calculated (42) . Furthermore, the difference between the mean person location on the logit continuum and the mean item location (by definition = 0.00) was checked, under consideration of the 95% CI.
Sixth, DIF was checked regarding age, sex, education, severity of injury, combined time and age since injury, as well as language and administration mode of the questionnaires. DIF, or item bias, reflects the notion that persons in different groups (e.g. paraplegia vs tetraplegia) respond differently to an item, even though they share the same trait level (12) . To address potential DIF, the standardized residuals between the groups and across the person parameter continuum were analysed with a 2-way analysis of variance (ANOVA). DIF is indicated by a significant main effect of the group (uniform DIF; e.g. injury level), or a significant interaction effect (non-uniform DIF; e.g. injury level × PIL), using Bonferroni correction to reduce Type I error (43) . In the case of DIF, we split the DIF item to test whether it caused item misfit or compensatory DIF (44) . In the case of language DIF, we re-analysed DIF without the Italian sample to check whether item biases were stable, or due to the small Italian sample size. We also evaluated the impact of all DIF by investigating the differences in the mean locations between the groups for all class intervals in the DIF items. A difference of < 0.5 logit was considered as inconsequential, and item split was not retained in the final analysis (45, 46) .
RESULTS
Overall, 511 persons completed the PPF-HB questionnaires, with 361 individuals using the German, 129 the French, and 21 the Italian language versions. Socio-demographic and lesionrelated characteristics of the sample are presented in Table II . The findings of the Rasch analyses will be discussed for each scale (Tables III-VII) . (Tables III and IV) . The standardized residual level of items 12 (alert), 14 (inspired), and 16 (determined) exceeded the critical level, but only the χ 2 test of item 12 reached statistical significance. The t-tests indicated multidimensionality. Testing for local independency yielded no positive residual correlation coefficients. Reliability was very good (PSI = 0.89). Reversed thresholds were observed for items 5 (strong) and 12 (alert).
Regarding targeting, the logit means of the 10 items were located within 1.6 logits. The item thresholds were spread along the whole logit continuum (Fig. 1A) . Out of 503 participants with valid scores, 2 achieved the maximum raw total score, and none obtained the minimum score. The person and the item mean did not overlap, indicating a tendency toward a ceiling effect. We found uniform DIF for education (item 1) and language (item 12).
Due to signs of multidimensionality, we assigned the items according to their first PCA loadings to 2 groups and conducted additional Rasch analyses for each of the 2 groups. The Rasch analysis with the items 3, 5, 9 and 10 yielded a non-significant goodness of fit statistic, good fit for all items, and 2.81% sig-nificant t-tests. Reliability was very good (0.80). Item 5 had disordered thresholds and uniform sex DIF.
Rasch analysis of the second item subgroup (items 1, 12, 14, 16, 17, and 19) showed a borderline non-significant goodness of fit statistic, good item fits to the model, and 6.63% (95% CI [4.71, 8.54] ) of significant t-tests. Reliability was very good (0.83). Thresholds of item 12 were disordered. No DIF was found.
Finally, to test whether the 2 item-groups form a unidimensional latent estimate, we conducted a testlet analysis, revealing that 92% of variance between the 2 item-groups was common, 8% uniquely factor-related (Table III) . The goodness of fit statistics were good, thresholds ordered. We found a uniform education DIF for testlet 2, and uniform DIFs for both subtests for combined time and age since injury. To test for compensatory DIF we split testlet 1 by combined time and age since injury, and DIF on testlet 2 disappeared. Because the differences of the group mean locations were below 0.5 logits, hinting at inconsequential DIF, the item splits were not retained. Overall, items can be summated to form a unidimensional latent scale, but unique variance and DIF, inconsistently appearing at the item and testlet level, may bias the raw scores.
NA subscale. The Rasch analysis indicated poor model fit. The z-values of items 2 and 7 were above ± 2.50, but both χ 2 tests were not significant (Table IV) . The t-tests indicated unidimensionality. Testing for local independency did not reveal any positive residual correlation. Reliability was respectable (PSI = 0.77). Disordered thresholds were observed for items 6, 7 and 13.
The logit means of the 10 items were located within 1.1 logits. Many persons are located in the lower negative affect levels, which are not captured by many item thresholds (Fig.  1B) . Considering all valid scores, 31 persons (6.19%) attained the minimum, no person the maximum raw total score. The person mean was below the item mean, overall indicating floor effects. Language DIF was detected for items 2, 15 and 18, a non-uniform DIF for SCI severity for item 13 .
In an additional analysis we combined 2 response options for items 6, 7 and 13 to adjust for the disordered thresholds. The model fit remained statistically significant, the z-values of items 2 and 7 above ± 2.5, with a significant χ 2 test for item 7. Thresholds were ordered, language DIF for items 2, 4, 15 and 18 were observed, but with mean locations between the groups for all class intervals below 0.5 logits indicating inconsequential DIF (Table III) . Examining whether DIF caused item misfit or compensatory DIF by splitting item 2 on language, analysis yielded compensatory language DIF for item 18 and no item fit changes (results not shown).
Thoughts and beliefs: appraisals
Challenge. Rasch analysis revealed a poor model fit and items 6, 7 and 13 did not fit the Rasch model (Table V) . The χ 2 test for item 3 was not significant, but the z-value exceeded the critical level. The χ 2 test for item 8 was statistically significant, but the z value was < 2.50. The pairwise t-tests supported unidimensionality. No positive residual correlations were observed, indicating local independency.
Reliability was very good (PSI = 0.80). Thresholds were ordered, with exemption of item 3. Concerning targeting, the logit means of the 6 items were located within 1 logit. The item thresholds were spread, but slightly accumulated in the centre of the challenge continuum ( Fig. 2A) . Out of 485 valid scores, 23 persons (4.74%) attained the minimum, and no person the maximum raw total score. The person mean was below the item mean. Uniform DIF was observed for education (items 3 and 6), language (items 7 and 8), and administration mode (item 3).
To investigate whether language DIF caused item misfit or compensatory DIF, items 7 and 8 were split in an additional analysis. No changes in the item fits were observed. Education DIF for item 3 and 6 remained; language DIF for item 8 and administration mode DIF for item 3 were compensatory and disappeared (results not shown).
Alternatively, to examine whether language DIF cancels out at the latent test level, we conducted a testlet analysis based on the language DIF pattern (items with DIF with German > French; DIF with French > German; items with no DIF). All variance was common, but there was more dependence across the 3 subscales than within. Thresholds were ordered, 2 testlet fits were > 2.50, and we found non-significant χ 2 tests (Table III) . We found a uniform language DIF for 2 (representing items 7 and 8) of the 3 subtests. Again, splitting 1 subtest had no effect on the item fit, but made the DIF for the second testlet disappear (compensatory DIF). However, the differences of the testlet mean locations were below 0.5 logits for all class intervals, suggesting inconsequential DIF. Overall, items can be summated and capture Challenge on a latent level, but language versions may be inequivalent.
Loss. The goodness of fit statistic was statistically significant, indicating misfit to model expectations (Table III) . All individual items fit to the model and no positive residual correlation was found ( Table V) . The t-tests indicated unidimensionality. Reliability was respectable (PSI = 0.74), and all thresholds ordered. Regarding targeting, the logit means of the 4 items were located within 1.2 logits. Of the 486 valid scores, 44 persons (9.05%) reached the minimum, and 4 persons the maximum raw total score. The person mean was below the item mean, overall indicating a floor effect (Fig. 2B) . No DIF was found.
Threat. The overall goodness of fit statistic was statistically significant, and item 5 did not fit the model (Table V) . The pairwise t-tests supported unidimensionality. The residual correlation between items 14 and 15 was 0.30, indicating local dependency. Other coefficients were small and negative. The PSI was 0.78, indicating respectable reliability. The thresholds of item 5 were disordered.
Regarding targeting, the item thresholds were spread across the continuum, but many persons were located in the lower Item mean δ: Item mean location in logits (delta); SE: Standard error of item location; z: Standard normal distributed test value z; df: Degrees of freedom; τ: Ordering of the response scale thresholds (tau); ord: ordered thresholds; disord: disordered thresholds; Reliability (w/wou): Local dependency using r ≥ 0.3 as criteria.
part (Fig. 2C) . The person mean -0.90 (95%CI [-1.01, -0.79]) was located below the item mean. Of all 492 valid scores, 31 persons (6.30%) attained the minimum, no person attained the maximum raw total score, indicating a floor effect. Uniform DIF was found for education (item 2) and language (items 5, 14 and 15). To further investigate local dependency, we built 2 testlets based on the loadings of the items on the first residual component. The common variance was 92% (Table III) . We found disordered thresholds for 1 testlet (items 14 and 15), a z-value > 2.50 for the other testlet (χ 2 test not significant), and a uniform language DIF for both testlets. Scrutinizing the mean locations between the groups for all class intervals hinted at inconsequential DIF. We then checked for compensatory DIF or effects of DIF on item fit. Splitting 1 testlet made DIF the second testlet disappear (compensatory DIF), and the testlets now fit the model (results not shown). Overall, items can be summated to capture a unidimensional latent Threat construct, but raw scores may be biased due to unique variance, local dependency, and language inequivalence.
Motives: purpose in life
The goodness of fit statistic of the PIL-SF was not significant (Table VI) . The z-values of items 1 and 4 exceeded ± 2.50, but χ 2 tests were not significant. The pairwise t-tests supported the unidimensionality assumption. All residual correlations were negative, indicating local independency. The reliability of the PIL-SF was very good (PSI = 0.85). Disordered thresholds were observed for item 3.
Regarding targeting, the item means were located within 1 logit. Item thresholds spread well across the PIL continuum (Fig. 3) . Of 504 individuals with valid scores, 2 (0.40%) attained the minimum, and 23 (4.56%) the maximum raw total score. The mean person level lay above the mean item level, indicating a ceiling effect. We found no DIF. Collapsing 2 response options of item 3 in an additional analysis to adjust for the disordered thresholds did not change the findings of this measure (Table III) .
Patterns of experience and behaviour: Personality
Openness. The goodness of fit statistic was not significant, indicating good fit to the model (Table III) . All individual items fit the Rasch model. The pairwise t-tests indicated unidimensionality (Table VII) . The residual correlations indicated local independency, and no coefficient was positive. The PSI was 0.67, which points at minimally acceptable reliability. Thresholds were disordered for items 6, 7 and 10.
Regarding targeting, the logit means of all items were located within 0.6 logits. The person mean was located above the item mean. The item thresholds accumulated in approximately 3 areas of the continuum, at -1, 0 and 1.5 logits. No thresholds were located in higher areas (Fig. 4A) . Of all 503 valid scores, no person attained the minimum, but 25 persons (4.97%) attained the maximum raw total score. Overall, this finding points to a marginal ceiling effect.
We identified a uniform language DIF for item 7. However, it disappeared after combining 2 response options for items 6, 7 and 10 in an additional analysis (Table IV) .
Conscientiousness. The goodness of fit statistic was nonsignificant and all items showed fit to the model. Pairwise t-tests pointed at unidimensionality. No positive residual correlation was observed, indicating local independency. Reliability was low, with PSI = 0.61 (Table VII) . Disordered thresholds were found for items 2 and 16. Regarding targeting, item means were located within 0.4 logits. The person mean was located above the item mean. The item thresholds were spread along the conscientiousness continuum, with a slight tendency towards lower levels (Fig. 4B) . No person attained the minimum, but 28 persons (5.56%) attained the maximum raw total score, suggesting a ceiling effect. Uniform language DIF was identified for item 16 .
In an additional analysis 2 response options for items 2 and 6 were collapsed (Table III) , which yielded good fit statistics. Language DIF for item 16 persisted, but the mean locations between the groups for all class intervals hinted at inconsequential DIF.
Extraversion. The goodness of fit statistic was not statistically significant, and all items fit the model. The pairwise t-tests hinted at unidimensionality. No positive residual correlation was found, indicating local independency (Table VII) .
Reliability was minimally acceptable, with PSI = 0.66. Disordered thresholds were found for item 8. Regarding targeting, the item means were located within 1 logit. The person mean was situated on a higher extraversion level than the item mean. The thresholds are spread along the extraversion continuum, with missing thresholds between -1 and 0, and 1 and 2 (Fig.  4C) . Of 503 valid scores, 1 person (0.20%) attained the minimum, and 13 (2.58%) the maximum raw total score, indicating a tendency towards a ceiling effect. We found a uniform language DIF for items 4 and 11. In a further analysis we collapsed 2 response options of item 8 (Table III) . Language DIF for items 4 and 11 persisted, but the mean locations between the groups for all class intervals indicated inconsequential DIF.
Agreeableness. The goodness of fit statistic was statistically significant (Table III) . The z-value of item 12 was above 2.50, with a non-significant χ 2 test. In contrast, the standardized residual levels of the other items were below ± 2.50, but statistically significant. The pairwise t-tests supported unidimensionality. Residual correlations were negative, indicating local independency. Reliability was unacceptable, with PSI = 0.53. All item thresholds were ordered.
Concerning targeting, the item means were spread along 0.4 logits. The person mean's location was higher than the item mean. The item thresholds (Fig. 4D) are spread along the agreeableness continuum, but are not located in the highest agreeableness levels. The number of persons reaching the maximum raw total score was 12 (2.39%). No persons attained the minimum raw total score, overall, suggesting a ceiling effect.
Examination of DIF revealed a uniform sex DIF for item 1 and a uniform language DIF for items 12 and 18 (Table VII) , however, with mean locations between the groups for all class intervals below 0.5 logits. To test for compensatory DIF and whether DIF caused item misfit we split the DIF items (item 1 for sex; item 18 for language). No improvement of model or item fit was observed, but language DIF for item 12 disappeared (results not shown).
Neuroticism. Rasch analysis resulted in a significant goodness of fit statistic (Table III) . The z-value of item 5 was above ± 2.50, but the χ 2 test was not statistically significant. Pairwise t-tests pointed at unidimensionality. No positive residual correlation was found, indicating local independency (Table VII) . Reliability was respectable, with PSI = 0.73. The thresholds of all items were ordered.
Regarding targeting, the 4 item means were spread along 1.3 logits. The person mean was below the item mean. The item thresholds were spread along the neuroticism continuum, but no threshold was located between -1 and -2 logits (Fig. 4E) . Out of 502 valid scores, 18 persons (3.59%) attained the minimum, and 1 person the maximum raw total score, suggesting a floor effect.
Examination of DIF revealed a uniform language DIF for item 20, but the mean locations between the groups for all class intervals of item 20 pointed at inconsequential DIF. Splitting item 20 did not improve overall model fit or fit of item 5 (results not shown).
DISCUSSION
This study examined the psychometric qualities of 4 PPF using a modern, test-theoretical approach with Rasch analysis. Indications for multi-dimensionality were found for the Positive Affect items. All other scales represent unidimensional measures. Reliability ranged from adequate to very good, except for the BFI-K agreeableness and extraversion subscales. The PPF measures are suitable for an SCI population, indications for bias by SCI-related characteristics were found for just 1 item across all scales. However, with the exception of the PIL-SF, we repeatedly found language DIF. Language DIF can be accommodated within the Rasch framework, but the raw sum scores of the different language versions may not be equivalent, even though our results indicated inconsequential impacts of DIF.
Our analyses of the PANAS-PA subscale suggested a bidimensional factor structure. The 2 sub-dimensions could stand for positive self-view (items 3, 5, 9 and 10), and motivationrelated alertness with a future outlook (items 1, 12, 14, 16, 17  and 19 ). Our findings, however, do not correspond with a recent study applying the Rasch methodology using Winsteps software with the Brazilian Portuguese questionnaire version, as no multidimensionality was found (47) . Multi-dimensionality could bias raw total scores, since the score may not capture the intended construct. Our analyses suggest that items can be summated to form a unidimensional latent scale using a bifactor approach. This approach, however, needs to be applied when comparing total scores across populations.
In contrast to PA, our results support unidimensionality for NA. The observed floor effect indicates that our study participants reported low levels of NA. From a psychological perspective, this finding is pleasing, hinting at good well-being of our SCI study sample (48) . From a psychometric point of view, it means that the NA items might not have captured distinct patterns in the low-NA levels, which could be covered with additional NA-items. In the context of SwiSCI a clear differentiation of high NA levels seems preferable, potentially representing a proxy for complications in the adjustment to SCI. High scorers on negative affect may need a more detailed clarification of their mental health. Test equating, i.e. putting the NA items on a common metric with mental health measures with a clinical cut-off score, may provide more knowledge on potential, clinically meaningful cut-off-scores for the NA-subscale.
We found unidimensionality and very good reliability for the PIL-SF. Validated versions of the French and Italian PIL-SFs did not exist prior to SwiSCI. The forms were translated in a forward translation procedure. Collapsing response options, as for item 3, reduces the range of the raw total score and impedes comparability across studies. However, since only 2 responses of 1 item needed collapsing, the impact on the PIL-SF total score range (4-28) is small.
Our findings regarding the 3 subscales of the ALE diverge dramatically. The Loss subscale showed unidimensionality, respectable reliability, and invariance across all language versions. In contrast, for both Challenge and Threat, testlets had to be created and language bias persisted even at the testlet level, although in a range indicating inconsequential impact. Standardized French and Italian versions of the ALE did not exist and were translated by our study team. A closer examination of these language versions in other settings is warranted, along with a careful inspection of the items in each context.
The positive side in relation to the 5 personality subscales of the BFI-K is that unidimensionality was revealed. The 5 personality characteristics represent comprehensive, broad constructs, which is why lower reliability estimates could be expected. Nonetheless, the low PSI value for agreeableness and conscientiousness indicated unreliable assessment of these constructs. Taking 0.80 as the cut-off for reliable group comparisons reveals insufficient reliability for all 5 subscales, and hence questionable usability within population studies (40) .
The frequently observed language DIFs observed in most measurement instruments could reflect cultural differences across the Swiss-German-, French-, and Italian-speaking populations, or differences in item phrasings. For example, the French BFI-K item 16 (efficient) of the conscientiousness subscale refers to the work context (efficient in work), while the German item alludes to a more general statement of being efficient when working, which can comprise more aspects than work per se. Overall, a careful re-examination of the DIF items might be warranted. This examination is especially important in the context of an epidemiological survey, such as SwiSCI, which aims to describe health and quality of life and the potential risk factors within a specified multi-lingual population. Comparisons across language groups, but also comparisons with the general population, may yield biased results. Although transformation tables have been offered to convert raw total scores to a logic metric scale and adjust for biased effects (e.g. 49) , cross-validations with larger sample sizes are needed, and we refrain from premature disclosure of transformed logit scores.
Our study is subject to several limitations. First, important characteristics of a measurement instrument, such as test-retest reliability and sensitivity to change, were not tested due to the cross-sectional study design. Secondly, a larger sample is needed to cross-validate our findings regarding DIF. The sample sizes per language group were different, but representative for the Swiss context, i.e. multiple national languages in the same country.
The current study has shown that a majority of our measures of PPF satisfy the assumption of unidimensionality of the Rasch model. The Swiss context represents a major challenge from a psychometric point of view because equivalence across languages is not guaranteed. Comparisons with the English original measures were not part of this study, but should be addressed in the future. The validation of measures by the use of modern test-theoretical approaches, such as the Rasch model, should become a regular step within epidemiological studies.
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